clones proliferate spontaneously without exogenous antigen or mitogen stimulation (immortalization), provided that IL-2 is added to the infected culture and such an event correlates with constitutive expression of the IL-2 receptor (IL-2R) α chain (Franchini, 1995) and induction of telomerase activity (Franchini et al., 1999 ; Markham et al., 1983 ; Popovic et al., 1983 ; Miyoshi et al., 1981) . With time (late phase), further clonal selection occurs (Hahn et al., 1984 ; De Rossi et al., 1985 ; Franchini et al., 1985 ; Wattel et al., 1995) and IL-2 independence for growth (transformation) correlates with the constitutive activation of the IL-2R JAK\STAT pathway (Migone et al., 1995 (Migone et al., , 1998 Xu et al., 1995) . In contrast to normal PHAstimulated PBMCs, which undergo apoptosis following exposure to ionizing radiation (IR), minimal cell death is observed in HTLV-I-infected T-cells (Cereseto et al., 1996) . Since the survival of mature T-cells and thymocytes has been shown to increase with pretreatment of cells with IL-2 (Boise et al., 1995 ; Mor & Cohen, 1996 ; Seki et al., 1995) , we hypothesized that the resistance of infected T-cells to IR correlated with the activation of the IL-2R pathway, which is induced either by IL-2 in immortalized T-cells or constitutive in transformed T-cells. For this purpose, we used two sibling HTLV-I-infected T-cell lines, one that is IL-2-dependent, N1186, and the other that is IL-2-independent, N1186-94 (Migone et al., 1998) , and analysed their sensitivity to simultaneous genotoxic and metabolic stress determined by IR treatment of the cells in the absence of growth factors (serum and IL-2).
N1186 and N1186-94 were cultured for 3 days in media containing 1n0 % serum and in the absence of IL-2. When indicated, cells were irradiated with 10 Gy using "$(Cs as a source at 3n1 Gy\min.
N1186 and N1186-94 cells were exposed simultaneously to both metabolic and genotoxic stress. The two cell lines were cultured in the absence of IL-2 and at low serum concentrations for 48 h before and after exposure to 10 Gy and analysed for DNA content by propidium iodide (PI) staining to detect apoptotic cells. DNA profiles were analysed with a Becton Dickinson FACScan using the LysisII software. The TUNEL assay was performed by using the ApopTag kit from Oncor.
The N1186 cells exposed to metabolic stress conditions for a total of 4 days (48 h before and after the time of irradiation) HTLV-I transformation, apoptosis and the cell cycle HTLV-I transformation, apoptosis and the cell cycle did not undergo apoptosis but accumulated in the G " phase, as demonstrated in Fig. 1 (N1186 panel, A , B, C, and D). In contrast, a clear pre-G " peak appeared at 24 h and became more evident at 48 h in N1186 cells exposed to IR in the absence of serum and IL-2 ( Fig. 1, N1186 panel, E and F). The relative percentage of cells in apoptosis in the N1186 culture was also measured by a TUNEL (TdT-mediated dUTP NickEnd Labelling) assay, a technique that allows the specific identification of apoptotic cells by measuring the amount of DNA fragmentation. This analysis revealed that 24 h following irradiation of serum\IL-2-deprived N1186 cells, the percentage of cells carrying fragmented DNA was twice (11n5 %) that in the control cells (5n9 %) (data not shown). By 48 h, one-third of the cells were apoptotic, whereas only 4 % of the cells were apoptotic in the non-irradiated control grown under the same conditions (data not shown). The values obtained by TUNEL assay were consistent with the percentage of apoptotic cells detected by PI staining, indicated by the arrows in Fig. 1 (N1186 panel, E and F). In contrast, in the N1186-94 cells, insignificant levels of apoptosis were observed at 24 and 48 h following IR in the presence or absence of serum ( Fig. 1 , N1186-94 panel, A-F). Hence, it appears that the HTLV-Iimmortalized T-cells, but not the sibling-transformed cells, become sensitive to irradiation exposure when cultured in absence of serum and IL-2.
Since IL-2 protects normal T-lymphocytes from IR-induced apoptosis and the IL-2R JAK\STAT pathway has been shown to be constitutively activated in HTLV-I-transformed cells (Migone et al., 1995 ; Xu et al., 1995) , we investigated whether the activation of the IL-2 pathway per se was necessary and sufficient to protect HTLV-I-immortalized T-cells from apoptosis following genotoxic stress.
To dissect the relative contribution of serum factors and IL-2 to the resistance of the N1186 cells to irradiation, cells were first synchronized by culture for 3 days in the absence of both IL-2 and serum. After this time, cells were divided and cultured in the presence or absence of serum and\or IL-2 for 16 h and exposed to IR. At the time of IR exposure (time 0, which coincided with 16 h incubation time under the different culture conditions), no significant difference was observed in the PIstaining profile of cells incubated for 16 h in the various conditions (Fig. 2, N1186 panel, A-D) . In contrast, 24 h after IR, a clear pre-G " peak was observed in both cell cultures grown in the absence or presence of serum but without IL-2 (Fig. 2, N1186 panel, G and H). Accordingly, when IL-2 was present, cells were protected from apoptosis following IR treatment whether the serum was present or not (Fig. 2, N1186 panel, E and F). In contrast, a pre-G " peak was not detected in the sibling N1186-94 cell lines in the same experimental conditions (Fig. 2, N1186 -94 panel, A-H).
All together, these results demonstrate that IL-2 alone can protect N1186 and suggest that the activation of the IL-2R pathway may form the basis of the resistance of HTLV-Itransformed T-cells to IR.
Because the expression of bcl-2 and bcl-XL has been correlated with the ability of IL-2 to protect T-cells from apoptosis following genotoxic stress (Boise et al., 1995 ; Mor & Cohen, 1996 ; Seki et al., 1995) , we assessed their expression in both the N1186 and N1186-94 cell lines following metabolic deprivation (3 days) in the presence or absence of IL-2 or serum. Cell extracts and Western blots (30 µg protein per lane) were prepared as described (Cereseto et al., 1996) . Anti-p27 kip" antibodies were from Transduction Laboratories. Anti-p21 waf" and anti-p53 antibodies were from Oncogene Science. Antibcl-XL and anti-bcl-2 antibodies were from Santa Cruz Biotechnology. As demonstrated in Fig. 3 (lanes 3-7 and  12-16 ), the protein levels of both bcl-2 and bcl-XL remained unaltered following withdrawal of serum, IL-2 or both in the two sibling cell lines. Similarly, bcl-2 and bcl-XL expression was not induced by IR treatment of both cell lines cultured in different serum\IL-2 conditions (Fig. 3 A, lanes 8-11 and 17-20) . The specificity of bcl-XL protein detection was confirmed using a lysate derived from epithelial cells (U2OS) transfected with vector-expressing bcl-XL cDNA (Fig. 3 A,  lane 1) . These data suggest that upregulation of bcl-2 or bcl-XL protein levels may not be at the basis of the differential response to IR treatment observed in the two sibling cell lines.
Because the tumour suppressor gene, p53, is known to be involved in apoptosis in various cell types, we assessed its expression in the two sibling cell lines exposed to IR and found that the p53 steady-state level increased in a comparable manner in both the N1186 and N1186-94 cell lines following IR and did not differ significantly in the presence or absence of serum and IL-2. Thus, the overall amount of p53 may not account for the different sensitivity to irradiation observed in the two sibling cell lines ( Fig. 3 B) ; this observation is indeed consistent with the notion that p53 is partly inducible but functionally inactivated by Tax, the viral transactivator (Mulloy et al., 1998 ; Pise-Masison et al., 1998 a, b) .
We next analysed the expression in HTLV-I-infected cells of p21 waf" and p27 kip" , two structurally and functionally related proteins that are regulated by IL-2 in T-cells Nourse et al., 1994) . The stoichiometry of p21 waf" and p27 kip" regulate cell cycle progression and both proteins have also been shown to protect some cell types from apoptosis (Levkau et al., 1998) .
IL-2 treatment of N1186 cells determined upregulation of p21 waf" , the expression of which further increased after IR exposure (Fig. 3 C, lanes 2-5 and 6-9 ). However, less p21 waf" was detected in N1186 cells that underwent apoptosis following IR treatment in the absence of IL-2. The expression of p21 waf" did not significantly change in N1186-94 cells after reconstitution of the media with either serum or IL-2 (Fig. 3 C,  lanes 10-14) whereas at 24 h following IR a slight increase was observed (Fig. 3 C, lanes 15-18) .
These results suggest a possible correlation between p21 waf" -induced expression and IL-2-induced survival following IR treatment ; however, the steady-state level of p21 waf" was similar in N1186-94 cells (which resisted apoptosis) and N1186 cells (which underwent apoptosis), suggesting that the total cellular amount of p21 waf" per se does not correlate with apoptosis. The level of the other cell cycle inhibitor, p27 kip" , remained unchanged in both N1186 and N1186-94 (Fig. 3 D) . Cell cycle checkpoints are an important mechanism for limiting the number of heritable genetic changes that lead to tumour formation following DNA damage (Sherr & Roberts, 1995) . HTLV-I infection of normal human T-cells is associated with cellular transformation in vitro and leukaemia of CD4 + mature T-cells in vivo (Gallo, 1986 ; Poiesz et al., 1980 ; Hinuma et al., 1981 ; Murphy et al., 1989) and the viral transactivator Tax is necessary, but not sufficient, for the ligand-independent transformation of T-cells (Grassman et al., 1989 ; Akagi & Shimotohno, 1993) . A rational explanation for these phenomena is that Tax is able to functionally inhibit cellular proteins that regulate cell cycle checkpoints, such as p16 ink (Suzuki et al., 1996 ; Low et al., 1997 ; Franchini et al., 1999) , p53 (Mulloy et al., 1998 ; Pise-Masison et al., 1998 a, b ; Akagi et al., 1997) and the MAD1 protein, a regulator of the mitotic checkpoint (Jin et al., 1998) .
The second critical event that leads to transformation of HTLV-I-infected T-cells (IL-2-independent) appears to be the constitutive activation of the IL-2R pathway through the activation of JAK\STAT proteins (Migone et al., 1995 (Migone et al., , 1998 Xu et al., 1995 ; Takemoto et al., 1997) .
Though previous studies have demonstrated the resistance of HTLV-I-infected T-cells to irradiation-induced apoptosis (Cereseto et al., 1996 ; Pise-Masison et al., 1998 a) , the possible role played by activation of the IL-2 pathway in their resistance to apoptosis was not investigated.
In other cell systems, IL-3, IL-6, G-CSF and GM-CSF have been shown to inhibit radiation-induced apoptosis (Collins et al., 1992 ; Sachs & Lotem, 1993 ; Patchen et al., 1991) . Likewise, T-cell survival is increased following exposure to IR when pretreated with IL-2, IL-4, IL-7 and IL-15 (Boise et al., 1995) . Here, we demonstrate that HTLV-I-immortalized T-cells remain sensitive to IR and undergo apoptosis as normal T-cells do, and show the importance of the constitutive activation of the IL-2R pathway in this event. However, whereas in normal T-cells survival under genotoxic stress appears to be mediated by IL-2 through the induction of either bcl-2 or bcl-XL (Boise et al., 1995 ; Mor & Cohen, 1996 ; Seki et al., 1995) , the expression of these proteins in HTLV-I-infected cells did not correlate with IR resistance. A possible explanation for this finding is that the expression of bcl-2 and bcl-XL is already significantly higher in HTLV-I-infected cells than in normal PBMC (our unpublished results). As expected, despite the differential response to irradiation in N1186 and N1186-94, A. Cereseto and others A. Cereseto and others p53 protein was induced at similar levels, suggesting that p53 probably does not mediate cell death in N1186 cells. Finally, although the lower level of p21 waf" expression correlated with cell death in N1186, the detection of similar steady-state levels of p21 waf" in both N1186 and N1186-94 suggested that this protein is not responsible for the different cytopathic effect of irradiation observed in the two cell lines. Similarly, another IL-2-regulated cell-cycle protein, p27 kip" , did not correlate with survival of N1186 cells treated with IL-2 and irradiation.
In summary, progression to a ligand (IL-2)-independent status appears to confer to HTLV-I-infected T-cells a proliferation advantage by protecting cells from death induced by both antiproliferative conditions (Cereseto et al., 1999) and genotoxic stress.
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